agnostic tool for pancreatitis in cats varies greatly, 5, [14] [15] [16] and most of the cases reported were evaluated > 10 years ago. However, the technology of available ultrasonographic devices has markedly improved since then. Also, the perception of the clinical relevance of pancreatitis in cats has clearly increased in the past 10 years, and the routine incorporation of the feline pancreasspecific lipase assay into the pancreatitis testing might have additionally changed the selection of patients undergoing pancreatic ultrasonography. The following ultrasonographic variables are usually considered for a diagnosis of pancreatitis in cats: pancreatic size, pancreatic echogenicity, echogenicity of the surrounding mesentery, peripancreatic fluid accumulation, and cystic-appearing lesions. 15, 17, 18 Although these variables are routinely used in the ultrasonographic evaluation of the pancreas, no study has ever assessed the agreement of ultrasonographic findings compatible with pancreatitis SMALL ANIMALS/ EXOTIC with the most useful laboratory pancreatitis markers in cats suspected of having the disease. This is particularly surprising in view of the inherent invasiveness of pancreatic histologic evaluation, which generally renders it unfeasible. Thus, the aim of the study reported here was to assess the agreement between results of pancreatic ultrasonography and the results of 2 lipase tests.
Materials and Methods
Case selection-For the period from December 2008 to August 2012, all cats with a suspicion of pancreatitis, with testing involving abdominal ultrasonography, and in which feline pancreas-specific lipase and DGGR lipase activity had been determined from the same blood sample were included in the study. Pancreatitis was suspected when one of the following criteria was present and could not be explained otherwise: anorexia, lethargy, vomiting, or signs of abdominal pain. 3, 4, 16 Results were included only if the time interval between abdominal ultrasonography and lipase determinations did not exceed 24 hours.
Medical records review-Repeated measurements in the same cat were excluded from analysis. For results of the feline pancreas-specific lipase assay, a only the cutoff value ≥ 5.4 µg/L was considered.
19 Serum DGGR lipase activity (reference range, 8 to 26 U/L) was measured with a recently validated in-house assay. 13,b Variables for which values were retrieved from the medical records for each cat were signalment, ultrasonographic findings, feline pancreas-specific lipase concentration, and DGGR lipase activity. Ultrasonography was performed by board-certified radiologists or residents in training for board certification supervised by a boardcertified radiologist who were unaware of both lipase results (results of lipase determinations were not available at the time of the ultrasonography study). Pancreatic ultrasonography was performed with state-of-the art devices.
c,d
The following ultrasonographic features of the pancreas were recorded for each cat: ultrasonographic diagnosis (ie, pancreatitis [yes or no]), enlargement, irregular margins, echogenicity (hypoechoic, hyperechoic, and mixed-echoic), surrounding mesenteric echogenicity, peripancreatic free fluid, cysts, masses, and common bile and pancreatic duct dilation. When available, results of pancreatic histologic evaluation (biopsy samples collected during exploratory surgery or results from necropsy) were also included. The histopathologic diagnoses of acute pancreatitis, chronic pancreatitis, or normal pancreas were available and compared with the results of ultrasonography. Results from histologic evaluation were included only if the time interval between histologic evaluation and determination of both lipase tests did not exceed 9 days. Acute pancreatitis was defined as neutrophilic infiltration and necrosis; chronic pancreatitis was defined as lymphocytic infiltration and fibrosis.
Statistical analysis-Statistical analysis was performed with the aid of commercial software.
e The agreement of pancreatic ultrasonographic findings with feline pancreas-specific lipase concentration and DGGR lipase activity was assessed on the basis of Cohen κ coefficients. 20 Furthermore, the performance of feline pancreas-specific lipase and DGGR lipase assays, compared with pancreatic ultrasonography, the hypothetical gold standard, was evaluated through receiver operating characteristic curves and corresponding AUC.
Results
Animals-During the study period, 360 cats underwent diagnostic investigation for pancreatitis, including pancreatic ultrasonography and determination of feline pancreas-specific lipase concentration as well as DGGR lipase activity. Of these, 199 cases did not fulfill the inclusion criteria and were excluded, leaving results for 161 cats available for analysis. The study population consisted of 108 (67.1%) male (103 neutered) and 53 (32.9%) female (50 neutered) cats. Ages ranged from < 1 to 18 years (median, 11 years). Breeds included domestic shorthair (n = 120), Persian (9), British Shorthair (5) Results from ultrasonography-Seventy-five of 161 (46.6%) cats had an ultrasonographic diagnosis of pancreatitis: 62 (38.5%) had a hypoechoic or a mixedechoic pancreas, 44 (27.3%) had a hypoechoic pancreas, 43 (26.7%) had peripancreatic free fluid, 35 (21.7%) had an enlarged pancreas, 33 (20.5%) had a mixedechoic pancreas, 30 (18.6%) had a hyperechoic mesentery, 26 (16.1%) had irregular pancreatic margins, 14 (8.7%) had evidence of a dilated common bile duct, 13 (8.1%) had evidence of a dilated pancreatic duct, 11 (6.8%) had a hyperechoic pancreas, 6 (3.7%) had a pancreatic mass, and 5 (3.1%) had pancreatic cysts.
Ultrasonography versus feline pancreas-specific lipase and DGGR lipase assays-Of the 75 cats with an ultrasonographic diagnosis of pancreatitis, feline pancreas-specific lipase concentration was high in 46 (61.3%). In the remaining 86 cases with an ultrasonographically normal pancreas, feline pancreas-specific lipase concentration was high in 30 (34.9%) cats. The DGGR lipase activity was high in 49 of 75 (65.3%) cats with an ultrasonographic diagnosis of pancreatitis. In the remaining 86 cats with an ultrasonographically normal pancreas, DGGR lipase activity was high in 37 (43.0%) cats (Table 1) .
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specific lipase concentration and in 29 of 85 (34.1%) cats with a feline pancreas-specific lipase concentration within reference range. An ultrasonographic diagnosis of pancreatitis was found in 49 of 86 (60.0%) cats with a high DGGR lipase activity and in 26 of 75 (34.7%) cats with a DGGR lipase activity within reference range (Table 2) . Contingency tables of the results were developed (Tables 3 and 4) . Twenty-three cats had a serum albumin concentration < 25 g/L (median, 21 g/L; range, 15 to 24 g/L; reference range, 29 to 37 g/L), and 6 of 23 cats had an enlarged pancreas. Five of these 6 cats had high feline pancreas-specific lipase concentration, and all 6 had increased DGGR lipase activity.
Agreement of ultrasonography versus feline pancreas-specific lipase and DGGR lipase assays-Agreement between an ultrasonographic diagnosis of pancreatitis and high feline pancreas-specific lipase concentration was slight (κ = 0.264; SE, 0.076). Agreement between an ultrasonographic diagnosis of pancreatitis and high DGGR lipase activity was slight (κ = 0.221; SE, 0.076).
The highest agreement between an ultrasonographic diagnosis of pancreatitis and high feline pancreas-specific lipase concentration was found when the feline pancreas-specific lipase concentration cutoff was set at > 16 µg/L (κ = 0.332; SE, 0.068). The highest agreement between an ultrasonographic diagnosis of pancreatitis and high DGGR lipase activity was found Feline pancreas-specific lipase concentration DGGR lipase activity 
when the DGGR lipase activity cutoff was set at > 57 U/L (κ = 0.371; SE, 0.056). Receiver operating characteristic curves of feline pancreas-specific lipase concentration and DGGR lipase activity against an ultrasonographic diagnosis of pancreatitis as the hypothetical gold standard were plotted (Figure 1) . The AUC was 0.706 (SE, 0.041; 95% CI, 0.626 to 0.786) and 0.685 (SE, 0.042; 95% CI, 0.602 to 0.769) for feline pancreasspecific lipase concentration and DGGR lipase activity, respectively (Table 5) .
Histologic evaluation-Histologic evaluation (8 necropsies and 3 biopsies were performed) was available in 11 cats, and pancreatitis was found in 9 (acute pancreatitis was found in 4, and chronic pancreatitis was found in 5). In the 2 cats without histologic evidence of pancreatitis, pancreatic biopsy specimens were collected during exploratory laparotomy (1 cat had gastric foreign body and an ultrasonographic suspicion of pancreatitis; 1 cat was icteric, and laparotomy was performed because of suspicion of feline infectious peritonitis). Ultrasonographic findings in cats with histologically confirmed acute pancreatitis (n = 4) were peripancreatic free fluid (3), irregular margins (2), enlarged pancreas (1), hypoechoic pancreas (1), hyperechoic pancreas (1), mixed-echoic pancreas (1), hyperechoic mesentery (1), dilated common bile duct (1), pancreatic cyst (1), and pancreatic mass (1) . Three of 4 cats with a histologically confirmed diagnosis of acute pancreatitis had an ultrasonographic diagnosis of pancreatitis. In these 3 cats, feline pancreas-specific lipase concentration and DGGR lipase activity were increased. In the remaining cat, in which an ultrasonographic diagnosis of pancreatitis could not be established, the ultrasonographic finding was a dilated common bile duct. In this cat, feline pancreas-specific lipase concentration was between 3.6 and 5.3 µg/L, and DGGR lipase activity was within reference range.
Ultrasonographic findings in cats with histologically confirmed chronic pancreatitis (n = 5) were hyperechoic pancreas (2), peripancreatic free fluid (2), dilated common bile duct (2), enlarged pancreas (1), mixed-echoic pancreas (1), and irregular margins (1). One of 5 cats with a histologically confirmed diagnosis of chronic pancreatitis had an ultrasonographic diagnosis of pancreatitis. In 4 cats in which an ultrasonographic diagnosis of pancreatitis could not be established, feline pancreasspecific lipase concentration was ≥ 5.4 µg/L in 3 of 4 cats and ≤ 3.5 µg/L in 1 of 4, whereas DGGR lipase activity was high in 2 of 4. Ultrasonographic findings in the cat with histologically confirmed chronic pancreatitis in which an ultrasonographic diagnosis of pancreatitis was made were an enlarged pancreas, mixed echogenicity, irregular margins, and peripancreatic free fluid. In this cat, feline pancreas-specific lipase concentration and DGGR lipase activity were high. In the 2 cats with a histologically normal pancreas, ultrasonographic findings were hyperechoic pancreas (n = 1), mixed-echoic pancreas (1), and hyperechoic mesentery and peripancreatic free fluid (1). Both cats had an ultrasonographic diagnosis of pancreatitis. Feline pancreas-specific lipase concentration and DGGR lipase activity were high (n = 1) and within reference range (1). 
Discussion
In the present study, the agreement between the most commonly performed tests (ultrasonography and serum lipase concentration or activity) in cats with suspicion of pancreatitis was assessed. Only slight to fair agreement was found between pancreatic ultrasonography and serum lipase determinations, with the best evaluated ultrasonographic variables being a combined hypoechoic and mixed-echoic pancreas, hypoechoic pancreas, and enlarged pancreas. We also chose to include the DGGR lipase assay in our investigation because it represented a considerably less expensive test. The high level of agreement between both assays suggested that the DGGR lipase assay was a viable alternative to the feline pancreas-specific lipase assay.
One explanation for the poor agreement between ultrasonography and serum lipase assay results could be too many false-positive ultrasonographic diagnoses. Previous pancreatitis might have gone undetected or been misdiagnosed, but pancreatic ultrasonography abnormalities could still be detectable. Similarly, even with an in-depth medical history, it is virtually impossible to rule out previous episodes of pancreatitis in feline patients. Furthermore, we cannot rule out individual age-related pancreatic parenchymal changes. Another explanation could be silent chronic pancreatitis without relevant enzyme release but with sufficient ultrasonographically detectable pancreatic parenchymal remodeling. Also, there could have been too many false-negative results of pancreatic ultrasonography. Even with the newest ultrasonography technology, there could be insufficient differences among acoustic impedances of the abnormal and normal pancreas to permit clinically applicable characterization of pancreatic tissue. 22 Few studies have evaluated single ultrasonographic pancreatic variables in cats. Saunders et al 15 retrospectively investigated performance of ultrasonography in 20 cats with acute pancreatic necrosis. Frequent ultrasonographic findings in these cats were peritoneal effusion (n = 9 cats), hypoechoic pancreas (7), and hyperechoic mesentery (7) . An ultrasonographic diagnosis of pancreatitis could be established in only 7 of 20 cats. 15 Ferreri et al 16 performed ultrasonography in 28 cats with acute necrotizing pancreatitis and 24 cats with chronic nonsuppurative pancreatitis before necropsy. An ultrasonographically normal pancreas was found in approximately 50% of cats with acute and chronic pancreatitis. Pancreatic echogenicity appeared to be the most sensitive variable for detecting pancreatitis. 16 Understandably, the design of the studies comparing ultrasonography with histologic evaluation is not clinically applicable to patients undergoing investigation of suspected pancreatitis, and comparisons with the results of noninvasive tests are needed. Most recently, a study 11 has assessed the ultrasonographic pancreatic findings in 35 cats with suspicion of pancreatitis and compared these with results of fPLI (based on radioimmunoassay) and feline pancreas-specific lipase tests as their gold standard. Single ultrasonographic variables evaluated in stored still images were compared with pancreatic lipase results determined within 3 days after ultrasonographic examination. In our study, a maximum of 24 hours between performance of serum lipase tests and pancreatic ultrasonographic examination was chosen because the biological half-life of circulating feline pancreas-specific lipase and DGGR lipase is presently unknown. However, with this short interval, we believed it unlikely that ultrasonographic abnormalities may have resolved themselves in the period between serum analysis and ultrasonography. The most recent study 11 comparing ultrasonographic results with feline pancreas-specific lipase values did not reveal whether the patients actually also had an ultrasonographic diagnosis of pancreatitis at the time of examination. In contrast, we focused on the agreement between ultrasonographic and lipase assay results rather than declaring the feline pancreas-specific lipase assay a gold standard, given that details on its validation and diagnostic accuracy are still unknown. Moreover, we excluded all cats for which the earlier fPLI had been measured because the agreement and correlation between fPLI and feline pancreas-specific lipase concentration also remains unknown.
We only investigated the agreement between pancreatic ultrasonographic results and serum lipase assays without knowing the true state of disease. With the present study design, we could not address whether ultrasonography or determination of serum lipase is more accurate in diagnosing pancreatitis. Theoretically, this would require a standardized histologic examination of the entire pancreas immediately after pancreatic ultrasonography. However, such an experimental approach would be ethically unjustifiable.
There were some limitations to this study. Because of the retrospective study design, cats were examined by different ultrasonographers. Although only complete ultrasonographic reports containing all variables were included, it remains unclear how much weight different radiologists ascribed to the single pancreatic findings when a diagnosis of pancreatitis was made. In the present study, the ultrasonography report was written by the radiologist after completion of the examination. This approach seems more appropriate, better reflecting the completeness of the pancreatic evaluation than reviewing single stored ultrasonographic images, in view of the fact that radiologists differ dramatically in their assessment (even between normal and abnormal) of static ultrasonography images. 22 Ultrasonography reports in the present study did not specify how much of both limbs and the body of the pancreas was actually examined or whether body weight affected visibility. This might be a limitation, especially in cats with an unremarkable ultrasonographic appearance of the scanned pancreas.
Only a small number of histologic samples were available in the present study. Also, because most histologic results were from necropsy reports, there might be a bias toward cats that died or were euthanized. Nonetheless, there is presently debate as to whether histologic evaluation represents the ideal gold standard, considering that mild pathological changes in the pancreas might not be clinically relevant and localized inflammatory disease can easily be missed when surgical or laparoscopic biopsy samples are obtained.
Concern has been raised that hypoproteinemia could affect assessment of pancreatic size when evaluat-SMALL ANIMALS/ EXOTIC ed by use of ultrasonography in dogs, 23 but this has not yet been critically evaluated in cats. We do not believe that decreased oncotic pressure leading to pancreatic edema was a confounding factor in our study because only 6 of the 23 cats with a serum albumin concentration < 25 g/L had an ultrasonographically enlarged pancreas and nearly all of them had increased lipase values (6 times DGGR lipase activity and 5 times feline pancreas-specific lipase concentration).
Overall, pancreatic ultrasonographic results and the 2 lipase assay results had only poor agreement. Even if patients with clinical signs attributable to pancreatitis will still benefit from a full abdominal ultrasonographic examination to exclude other differential diagnoses, pancreatic ultrasonography findings need to be interpreted with caution, especially considering the low level of agreement between serum lipase assays and ultrasonographic variables commonly assumed to be reliable (ie, peripancreatic fluid accumulation and mesentery echogenicity) for diagnosing pancreatitis. On the basis of the present results, pancreatic enlargement, a hypoechoic pancreas, and irregular margins seem most reliable. Further prospective studies investigating ultrasonographic characteristics of pancreatitis in cats are warranted. 
